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Description 

The present invention relates to method and 
apparatus for the chemical suppression of le- 
ments used in the analysis of anions or-cations in 
ion chromatography. 

Ion chromatography is a known technique for 
the analysis of ions which typically includes a 
chromatographic separation stage using an eluent 
containing an electrolyte, and an eluent suppres- 
sion stage, followed by detection, typically by an 
electrical conductivity detector. In the chromatog- 
raphic separation stage, ions of an injected sample 
are eluted through a separation column using an 
electrolyte as the eluent. In the suppression stage, 
electrical conductivity of the electrolyte is sup- 
pressed but not that of the separated ions so that 
the latter may be determined by a conductivity cell. 
This technique is described in detail in United 
States Patent Nos. 3,897,213, 3,920,397, 3,925,019 
and 3,956,559. 

Suppression or stripping of the electrolyte is 
described in the above prior art references by an 
ion exchange resin bed. A different form of sup- 
pressor column is described and published in EPA 
Pub. No. 32,770, published July 29, 1981. in which 
a charged membrane in the form of a fiber or sheet 
is used in place of the resin bed. In sheet form, the 
sample and eluent are passed on one side of the 
sheet with a flowing regenerant on the other side of 
the sheet. The sheet comprises an ion exchange 
membrane partitioning the regenerant from the ef- 
fluent of chromatographic separation. The mem- 
brane passes ions of the same charge as the 
exchangeable ions of the membrane to convert the 
electrolyte of the eluent to weakly ionized form, 
followed by detection of the ions. 

An improved membrane suppressor device is 
disclosed in EPA Pub. No. 75,371, published 
March 30, 1983. There, a hollow fiber suppressor is 
packed with polymer beads to reduce band 
spreading. There is a suggestion that such packing 
may be used with other membrane forms. Further- 
more, there is a suggestion that the function of the 
fiber suppressor is improved by using ionically 
charged packing beads. No theory is set forth as to 
why such charged particles would function in an 
improved manner. 

Another suppression system is disclosed in 
EPA Pub. No. 69,285, published January 12, 1983. 
There, the effluent from a chromatographic column 
is passed through a flow channel defined by flat 
membranes on both sides of the channel. On the 
opposite sides of both membranes are channels 
through which the regenerant solutions ar passed. 
As with the fiber suppressor, the flat membranes 
pass ions of the same charge as the exchangeabl 
ions of the membrane. An electric field is passed 



between lectrodes on opposite sides of the ef- 
flu nt channel to increase the mobility of the ion 
exchange, one problem with this electrodialytic 
membrane suppressor system is that very high 

5 voltages (50-500 volts DC) are required. As th 
liquid stream becomes deionized, electrical resis- 
tance increases, resulting in substantial heat pro- 
duction. Such heat is detrimental to effective detec- 
tion because it greatly increases noise and de- 

w creases sensitivity. 

Charged fiber screens have been suggested 
for placement in a flow channel between oppositely 
charged membranes in the field of electrodialysis 
to improve current efficiency for desalination. 

75 (Desalination, 19 (1976) 465-470) The charges on 
individual fibers" are either cationic or anionic so 
that only fibers of one charge contacts the cor- 
respondingly charged permselective membrane in 
a stack. There is no suggestion that such screen 

20 would have any applicability to an analytical sys- 
tem. 

In accordance with the invention, apparatus 
and methods are provided for significantly improv- 
ing the effectiveness of suppressing the electrolyte 

25 of the eluent in an effluent stream containing the 
separated ions removed from a separation column 
such as a chromatographic column. Referring to 
the apparatus, the suppressor includes at least one 
regenerant compartment and one effluent compart- 

30 ment separated by an ion exchange membrane 
sheet defining a regenerant flow channel and an 
effluent flow channel on.. opposite sides of the 
membrane sheet. The sheet is preferentially per- 
meable to ions of the same charge as its ex- 

35 changeable ions. Bridging means is disposed in at 
least the effluent flow channel in the form of struc- 
ture including continuous portions extending sub- 
stantially the entire distance between the mem- 
brane sheet and the effluent compartment wall. The 

40 structure defines a continuous convoluted liquid 
flow-through passage in the effluent flow channel. 
The external surfaces of the structure include all 
cation or all anion ion exchange sites. A detector, 
such as an electrical conductivity detector, is pro- 

45 vided for detecting the resolved ionic species. The 
structure suitably comprises a screen with ion ex- 
change sites and serves to provide site-to-site 
transfer paths across the effluent flow channel to 
significantly increase the suppression efficiency of 
'so the device. In another embodiment, the bridging 
means may comprise spaced projections along the 
effluent compartment wall extending towards the 
membrane, in the form of a textured wall or the 
like. Preferably, additional bridging means of simi- 

55 lar type also is disposed in th regenerant channel. 
The bridging means also serves as a turbulence 
promoter in this system and contributes to the 
efficient use of the ion exchange membran sur- 
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face. 

In another embodiment, termed a "sandwich 
suppressor", a second membrane sheet is included 
opposite to the first membrane sheet defining 
therebetween the effluent flow channel. A second 
regenerant compartment defining a flow-through 
channel is provided on the opposite side of the 
second membrane sheet from the effluent compart- 
ment. This further improves the capacity of the 
suppressor device. 

Spaced electrodes may be provided in com- 
munication with each of the regenerant flow chan- 
nels along the length of the sandwich suppressor. 
When an electrical potential is applied across the 
electrodes, there is an increase in mobility of the 
ions of interest across the membranes. 

Figure 1 is a schematic view of apparatus for 
performing ion chromatography in which the sup- 
pressor device of the present invention is used. 

Figure 2 is an exploded view of a suppressor 
device including two regenerant flow channels and 
a central effluent flow channel, each including a 
screen. 

Figure 3 is a side view of a membrane sup- 
pressor illustrating effluent and regenerant flow 
channels in dotted lines. 

Figures 4 and 5 are schematic expanded views 
of the membranes and screens showing simplified 
ion transfer in which an electrical potential is ap- 
plied and not applied respectively. 

Figure 6 is an exploded view of a suppressor 
device including a single regenerant flow channel 
and bridging means in the form of a textured wall. 

Figure 7 is an enlarged portion of the textured 
wall, of Figure 6 taken in the area 6-6 of Figure 6. 

Figure 8 is an assembled cross-section view of 
the device of Figure 6. 

Figure 9 is an exploded view of a sandwich 
suppressor device with regenerant textured walls 
and an effluent flow channel with a screen. 

Figure 10 is an expanded view of a section of 
the texture block of Figure 9. 

Figure 11 is a chromatogram generated ac- 
cording to Example 3. 

The system of the present invention is useful 
for determining a large number of ionic species so 
long as the species to be determined are solely 
anions or solely cations. A suitable sample includes 
surface waters, and other liquids such as industrial 
chemical wastes, body fluids, beverages such as 
fruits and wines and drinking water. When the term 
"ionic species" is used herein, it includes species 
in ionic form and components of molecules which 
are ionizable under the conditions of the present 
system. 

The purpose of the suppressor stage is to 
reduce the conductivity and noise of the analysis 
stream background while enhancing the conductiv- 



ity of the analytes (i.e., increasing the signal/noise 
ratio), while maintaining chromatographic efficien- 
cy. Thus, the following parameters bear upon th 
performance of the suppressor: (1) dynamic capac- 

5 ity of suppression, measured as uEq^min of eluent 
for each device; (2) background conductivity mea- 
sured as uS/cm per device, and (3) chromatog- 
raphic efficiency measured as a width at half height 
for flow injection or 5.5 (retention time/width at half 

io height) 2 for the species retained in a separator. 

The term "efficiency" describes the 
chromatographic properties in terms of the main- 
tenance of the narrowness of the analyte bands 
that elute from the separator. On the other hand, 

ts "capacity" describes in quantitative terms the con- 
centration of eluent that can be suppressed per 
unit time. 

Referring to Figure 1, a simplified apparatus 
for. performing the present invention is illustrated. 

20 The system includes chromatographic separation 
means, typically in the form of a chromatographic 
column 10 which is packed with a chromatographic 
separation medium. In one embodiment referred to 
above, such medium is in the form of ion-exchange 

25 resin. In another embodiment, the separation me- 
dium is a porous hydrophobic chromatographic 
resin with essentially no permanently attached ion- 
exchange sites. This system is used for mobile 
phase ion chromatography (MPIC) as described in 

30 U.S. Patent No. 4,265,634. An ion exchange site- 
forming compound, including hydrophobic portion 
and an ion-exchange site, is passed through the 
column and is reversibly adsorbed to the resin to 
create ion-exchange sites. 

35 Arranged in series with column 10 is suppres- 
sor means 1 1 serving to suppress the conductivity 
of the electrolyte of the eluent from column 10 but 
not the conductivity of the separated ions. The 
conductivity of the separated ions is usually en- 

40 hanced in the suppression process. 

The effluent from suppressor means 11 is di- 
rected to a detector in the form of conductivity cell 
12 for detecting all the resolved ionic species 
therefrom, preferably in the form of a flow-through 

45 conductivity cell. A suitable sample is supplied 
through sample injection valve 13 which is passed 
through the apparatus in the solution of eluent from 
eluent reservoir 14 drawn by pump 15, and then 
pass through the sample injection valve 13. The 

50 solution leaving column 10 is directed to suppres- 
sor means 11 wherein the electrolyte is converted 
to a weakly conducting form. The effluent with 
separated ionic species is then treated by suppres- 
sor means 11 and pass through conductivity cell 

55 12. 

In conductivity cell 12, the presence of ionic 
species produces an electrical signal proportional 
to the amount of ionic material. Such signal is 
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typically directed from the cell 12 to a conductivity 
meter, not shown, thus permitting detection of the 
concentration of separated ionic species. 

Suppressor means 11 includes a regenerant 
reservoir 16 or other source of regenerant solution 
which is directed to at least one flow-through re- 
generant channel in ion-exchange membrane de- 
vice 17. The membrane device will be described in 
detail hereinafter. Regenerant from reservoir 16 
flows through a chromatographic pump 18 and a 
splitter valve 19 which separated the regenerant 
into two different conduits 20 and 32 to supply the 
regenerant to the regenerant flow-through passages 
and then to waste through conduit 22. Alternatively, 
the regenerant flows through the regenerant cham- 
bers sequentially then to waste. The effluent flows 
from chromatographic column 10 to membrane de- 
vice 17 through conduit 23, and from the mem- 
brane device to the conductivity detector through 
conduit 24. 



Sandwich Suppressor Device 

Referrring to Figures 2-5, a device is illustrated 
in the form of a sandwich suppressor device in- 
cluding a central effluent flow channel defined on 
both sides by membranes to the exterior of which 
are two regenerant flow channels. 

Referring specifically to Figures 2 and 3, mem- 
brane device 17 is illustrated which includes a 
central effluent flow channel flanked by regenerant 
flow chanels. Membrane device 17 includes means 
defining an effluent flow channel in the form of an 
effluent compartment, partially bounded by an ef- 
fluent gasket 30 defining a central cavity. To mini- 
mize dead space in the cavity it is preferable to 
form both ends of the flow channels in a peak or V- 
shape. Bridging means is disposed suitably in the 
form of effluent screen 32, to be described more 
fully below. Membrane sheets 34 and 36 are moun- 
ted to extend along opposite sides of effluent 
screen 32 and, together with gasket 30, define the 
outer perimeter of the effluent flow channel. Open- 
ings 36a and 36b are provided for effluent inlet and 
outlet to the effluent flow channel. 

Regenerant gaskets 38 and 40 are mounted to 
the facing surfaces of membrane sheets 34 and 36, 
respectively and define regenerant flow channels. 
Bridging means may be provided in the regenerant 
flow channels in the form of screens 41 and 43, 
respectively. Openings 40a and 40b are provided 
for inlet and outlet effluent flow through gasket 40. 
To simplify connections with the external flow lines, 
it is preferable to form the effluent flow channel 
slightly longer than the flanking regenerant flow 
channels. 

As illustrated, flat plate electrodes 42 and 44 



are mounted to the exterior sides of gaskets 38 
and 40, respectively, across which an electrical 
potential is applied. Electrode 42 includes openings 
42a and 42b to permit the inlet and outlet flow of 
5 regenerant solution to the regenerant flow channel 
in gasket 38. Similarly, electrode 44 includes inlet 
and outlet openings 44a and 44b, respectively, for 
regenerant liquid flow and to the regenerant flow 
channel and gasket 40, and also defines inlet and 
jo outlet openings 44c and 44d for the effluent flow 
channel defined by gasket 30. 

External support blocks 46 and 48 are formed 
of a rigid nonconductive material, such as poly- 
methylmethacrylate, and serves to provide struc- 
?5 tural support for the remainder of membrane de- 
vice 17. Referring to Figure 3, fittings 50 and 52 
are provided for regenerant inlet and outlet lines 54 
and 56, respectively. Similarly, fittings 58 and 60 
are provided for regenerant inlet and outlet lines 62 
20 and 64, respectively. Fittings 66 and 68 are pro- 
vided for effluent inlet and outlet lines 70 and 69. 
respectively. The fittings may be mounted to the 
support blocks by any conventional means such as 
.mating screw threads. 
25 The above assembled sheets and gaskets are 
mounted under pressure supplied by bolts 71 to 
form liquid-tight seals. Also, by use of such pres- 
sure in combination with appropriate sizing of the 
screen (or other bridging means described below) 
30 in comparison to the flow channel dimensions, the 
screen extends substantially the entire distance 
across the flow channels and contacts the mem- 
branes, resulting in significantly improved ion trans- 
port and efficiency. It is preferable for maximum 
35 membrane transfer efficiency to connect the lines 
to the effluent and regenerant flow channels for 
countercurrent flow. 

Effluent gasket 30 may be formed of any suit- 
able material which provides a liquid seal for the 
40 effluent flow channel which it defines. A suitable 
material for the gasket is a flexible liquid silicone- 
based rubber such as supplied under the name 
RTV by General Electric Co. or a plastic sheet 
such as "Parafilm" supplied by American Can Co. 
45 A similar material may be used for regenerant 
gaskets 38 and 40. 

Ion-exchange membrane sheets 34 and 36 
may be of a type such as disclosed in Slingsby, et 
al. patent application, Serial No. 522,828, filed Au- 
50 gust 12, 1983. In particular, such sheets may be 
cation-exchange or anion-exchange membranes 
with polyethylene, polypropylene, 

polyethylenevinylacetate-based substrates. Other 
suitable substrates include poly-vinylchloride or 
55 polyfluorocarbon-based materials. The substrate 
polymer is solvent and acid or base resistant. Such 
substrates are first grafted with suitable monomer 
for later functionalizing. Applicable monomers in- 
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elude styren and alkylstyrenes such as 4-methyl- 
styrene, vinylbenzylchloride or vinylsulfonates, 
vinylpyridine and alyklvinylpyridines. As an exam- 
ple, to form a cation-exchange membrane, the 
sheets grafted with styrene monomers ar func- 
tionalized suitably with chlorosulfonic acid, sulfuric 
acid, or other S0 2 or S0 3 sources. To form an 
anion-exchange membrane, the sheets grafted with 
vinylbenzylchloride monomers are functionalized 
with alkyl tertiary amines such as trimethylamine or 
tertiary alkanolamines, such as 
dimethylethanolamine. Particularly effective mem- 
branes are no more than 254 micrometres (10 mil) 
thick, and preferably no more than 50.8 to 101.6 
micrometres (2-4 mil) when wet. Suitable polyethyl- 
ene substrate membranes of the foregoing type are 
provided by RAI Research Corp., Hauppauge, New 
York (the cation-exchange membrane provided un- 
der designation R5010 203.2 mircometres (0.008 
in. thick) and the anion-exchange membrane under 
designation R4015 101.6 micrometres (0.004 in. 
thick)). Other cation exchange membranes supplied 
by the same company which are fluorocarbon 
based include R1010 50.05 micrometres (0.002 
inch thick) and R4010 101.6 micrometres (0.004 
inch thick). 

Bridging means, illustrated as effluent screen 
32 in the embodiment of Figures 2 and 3, is a 
significant feature of the present invention and 
serves a number of important functions. Effluent 
screen 32 may be formed integral with effluent 
gasket 30 or may be inserted independently into 
the effluent flow channel. 

A screen integral with the surrounding gasket 
material may be formed by cutting a gasket from 
plastic sheet to include the desired flow path and 
pressing this gasket into a rectangular piece of 
screen such that only the flow path is not covered 
by the gasketing material. 

Regenerant screens 41 and 43 may be formed 
in the same manner as set forth with respect to 
effluent screen 32. 

The effluent bridging means includes continu- 
ous portions which extend substantially the entire 
distance across the effluent flow channel transverse 
to flow. In the embodiment of Figures 2 and 3, this 
distance extends between membrane sheets 34 
and 36. In alternate embodiment of Figures 6-8 
described below, only one membrane separates 
one regenerant flow channel from the effluent flow 
channel. There, the transverse distance spanned 
by the bridging means is from the membrane to 
the opposite wall defining the effluent flow channel. 
The bridging means defines a continuous con- 
voluted flow-through passageway in the effluent 
flow channel along substantially the entire length of 
the membrane. This creates turbulence and thus 
increasing the efficiency of mixing and transfer of 



the ions across the membrane as described below. 
The physical configuration of the screen may vary 
so long as its bridging function and turbulence- 
producing function is accomplished. Thus, the 
5 screen may be provided with a weaving pattern 
either perpendicular or diagonal to the direction of 
flow. Also, the fibers may be smooth or contain 
protrusions such as bumps. The bridging means 
may also be in other forms, such as a textured 
w block, as described below. 

A major function of the bridging means is to 
provide a site-to-site path for ions in the direction 
transverse to the effluent flow channel to increase 
the efficiency of ionic transfer across the ion-ex- 
15 change membrane as more fully described below. 
Bridging means in the form of a screen may be 
functionalized for this purpose in a manner analo- 
gous to the functionalization of the ion-exchange 
membranes set forth above. Suitable screens may 
so be formed of the same base polymers grafted with 
the same functionalizing monomers as those set 
out above for the membranes. 

The maximum chromatographic efficiency of 
the screen embodiment of the bridging means may 
25 be achieved using a relatively small mesh 
(measured after functionalization], e.g. on the order 
of 110 u. mesh sire or less with relatively thin 
fibers, e.g., on the order of 0.004 inch in diameter. 
An open area in the flow channel on the order of 
so 5% to 70% (preferably, on the order of 8%) pro- 
vides excellent efficiencies. A suitable proportion of 

grafting -monomer to grafting polymer substrate is 

on the order of 5%-50% (preferably about 25% to 
35%). In order to obtain maximum efficiency, the 
35 effluent flow channel should be fairly narrow, e.g., 
on the order of 0.5 cm, with the weave pattern 
oriented diagonally to the direction of flow. 

To maximize the dynamic capacity of the re- 
generant screens they may be functionalized to 
w relatively high ion exchange capacity, e.g. 2 meq/g. 
Also, as with chromatographic efficiency, it is pref- 
erable to orient the fibers of the screen diagonally 
to the direction of flow in the eluent and regenerant 
chambers. As the exposed membrane surface area 
45 increases suppression capacity increases. Howev- 
er, practical limits are prescribed by known princi- 
ples of chromatography. For example, to minimize 
band broadening, a minimum volume is desired. 
The following parameters are relevant to the 
so screen's function; weave patterns, orientation of 
weave pattern to flow, ion exchange capacity, 
mesh, and percentage of open area relative to 
volume. The use of an ion exchange screen in a 
liquid flow path improves both dynamic suppres- 
55 sion capacity and chromatographic efficiency. Sev- 
eral weaves may b used including twill, twill 
square, half-leno, dutch weave and, preferably, 
plain square weave. With plain square weave, the 
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warp and weft threads are woven in a simple over 
and under pattern. The over and under pattern is 
preferred since it produces a turbulent path for 
liquid flow transversely as well as laterally and 
longitudinally. As set forth above, the square weave 
preferably is oriented approximately 45* to the 
direction of liquid flow causes the liquid to be 
dispersed to the outer walls of the gasketed cham- 
ber (covering more membrane surface) in a shorter 
time than in the case where the weave is oriented 
90* to flow. Interplay is present between these 
parameters and the mesh since the product of the 
mesh and the surface area determines the volume 
to be suppressed. To achieve maximum utilization 
of membrane surface for ion exchange, volume to 
surface area is minimized with a consequent mini- 
mization of the time as required to move an ion 
from the center of the flow path to the membrane. 
The mesh should be relatively small to maintain 
chromatographic efficiency but not so small as to 
hinder the liquid flow. The ion exchange character 
of the screen is important as the ion exchange 
sites provide a faster path for ions to the mem- 
brane as already described. 

In the embodiments of Figures 2 and 3, an 
electrical potential from a direct current source (not 
shown) is applied between electrodes 42 and 44 
from any suitable source. This embodiment is re- 
ferred to as the electro-dialytic mode in contrast to 
the membrane suppression mode without the ap- 
plication of a potential. The electrodes are formed 
of highly, conductive material which is inert to the 
solutions being passed through the membrane sup- 
pressor. Platinum is a preferred form of electrode 
for this purpose. 

In one mode of operation of the .suppressor 
device 17. effluent from chromatographic column 
10 is directed through the effluent flow channel 
bounded on both sides by ion-exchange mem- 
branes 34 and 36 partitioning the regenerant from 
the effluent. The regenerant flows through the re- 
generant channels. The membrane is preferentially 
permeable to ions of the same charge as the 
exchangeable ions of the membrane and resists 
permeation of ions of opposite charge. The ex- 
changeable ions of the membrane are in the ion 
form necessary to convert the developing reagent 
of the eluent to a weakly ionized form. For maxi- 
mum capacity, the regenerant flow is countercur- 
rent to the effluent flow. The effluent from 
chromatographic column 10 is passed through the 
effluent flow channel and contacts both mem- 
branes. The membranes are simultaneously con- 
tacted on their outer sides with the regenerant 
flowing in the opposite direction through the re- 
generant flow channel so that th membrane forms 
a permselective partition between the regenerant 
and the effluent. Ions extracted from the effluent at 



the active ion-exchange sites of the membranes 
are diffused through the membranes and are ex- 
changed with ions of the r generant, and thus- 
diffused ultimately into th regenerant. Application 

5 of a potential across the electrodes increases the 
mobility of the ions across the membrane. The 
resolved ionic species in the effluent leaving the 
suppressor device are detected, as with a con- 
ductivity detector. 

w Figure 4 schematically illustrates the elec- 
trodialytic mode of operation of the present inven- 
tion for a particular system, using a sandwich sup- 
pressor with screens in the effluent and regenerant 
channels, and applying an electrical potential be- 

75 tween spaced electrodes. The system illustrated is 
for anion analysis and includes sodium hydroxide 
as the electrolyte of the effluent to be converted 
into weakly ionized form (H 2 0) and dilute sulfuric 
acid as the regenerant. The ion-exchange mem- 

20 brane sheets allow the positively charged sodium 
and hydrogen ions to permeate across the mem- 
brane together. 

A suitable ion-exchange membrane for this 
purpose is a sulphonated polyethylene sheet. Hy- 

25 droxide and sulfate ions tend not to permeate the 
membrane sheet because of Donnan Exclusion 
forces. Thus, the sodium hydroxide stream is con- 
verted to deionized water and the sodium ions 
permeate the membrane sheet and are dispersed 

30 in the regenerant as NaHSO* and Na 2 S04 and 
thus ultimately routed to waste through the re- 
generant outlet lines.- Applying, a potential across' 
electrodes 42 and 44 increases the kinetics of ion 
flow across the membrane and thereby increase 

35 capacity and, thus, the suppression efficiency of 
the suppressor device. 

In the illustrated embodiment, the sodium ions 
of the electrolyte in the effluent channel diffuse 
across the membrane into regenerant channel un- 

40 der the influence of the negative electrode. The 
hydrogen ions flow from the regenerant channel 
adjacent the positive electrode across membrane 
36 into the effluent flow channel to form water with 
hydroxide ions therein. Some hydrogen ions which 

45 are not used in this manner continue their flow to 
the regenerant compartment adjacent to the nega- 
tive electrode 42 at which some of the hydrogen 
ions are converted to hydrogen gas. The sodium 
ions, being attracted to the negative electrode, are 

50 more rapidly removed from the effluent channel 
leading to a substantial increase in the capacity of 
the membrane device. 

Bridging means, illustrated as effluent screen 
32, and regenerant screens 41 and 43, substan- 

55 daily increase the capacity of the suppressor de- 
vice to remove ions from the effluent stream. The 
threads of th screen preferably extend substan- 
tially across the effluent flow channel transverse to 
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flow to contact both membranes. In the illustrated 
device, the effluent screen extends the distance 
between membranes 34 and 36. This may be ac- 
complished effectively by forming the effluent 
screen integral with the effluent gasket wall and 
dimensioning the spacing between the two mem- 
brane sheets to be approximately equal to the 
screen thickness. The gaskets and membranes are 
relatively flexible and compressible. Thus, by ap- 
plying appropriate pressure to the rigid support 
blocks, this distance between the membranes may 
be adjusted to the desired extent. 

The functionalized screens include exchange- 
able ions of the same charge as those of the 
membranes. In this manner, the screen provides a 
direct site-to-site contact between the membrane 
walls for the ions to be diffused through the mem- 
branes. It has been found that the capacity of the 
.system is significantly increased by the use of 
such functionalized screen in the effluent flow 
channel. The capacity is still further increased by 
using the same types of screens in the regenerant 
flow channel. 

Referring again to Figure 3, the regenerant flow 
channels may include neutral screens rather than 
functionalized screens, although this system does 
not have as much dynamic suppression capacity. 
The advantage of such unfunctionalized screens is 
that they provide turbulence in the regenerant flow 
channel to increase the mixing efficiency. However, 
if desired, such screens may also be eliminated. 

The potential to be applied to the electrodes in 
the above system may be relatively low due to the 
presence of the functionalized bridging means in 
the effluent channel. Thus, capacity is substantially 
improved with a voltage of about 3-9 VDC (Volts 
Direct Current) preferably about 5 VDC Referring 
to Figure 5. a similar system to that of Figure 3 is 
illustrated, with the exception that there are no 
electrodes. This membrane suppression mode may 
be constructed either by eliminating the electrodes 
or by not applying the potential to existing elec- 
trodes. In the membrane suppression mode, the 
hydrogen ions from both regenerant channels pass 
through membranes 34 and 36 into the effluent 
channel with the sodium ions diffusing out of the 
effluent channel into both regenerant channels. The 
aforementioned discussion regarding the screens in 
the effluent and regenerant channels is applicable 
here. The dynamic suppression capacity of this 
system is substantially improved by the use of the 
functionalized screens. 

While the above sandwich suppressor embodi- 
ment includes a central effluent flow channel sepa- 
rated by two membranes from two coextensive 
regenerant flow channels, the system is also ap- 
plicable to the use of a single regenerant flow 
channel separated from the effluent flow channel 



by a single membrane. 

Referring to Figures 6-8, another embodiment 
of suppressor means 70 is illustrated using a dif- 
ferent form of bridging means and using a single 
5 regenerant flow channel. Suppressor means 70 in- 
cludes upper rigid support block 72 with effluent 
flow channel wall 73 and lower support block 74 
with regenerant flow channel wall 75, separated by 
an ion-exchange membrane 76 of the type de- 
10 scribed above. 

The effluent flows into the suppressor device 
through effluent inlet 78, fitting 80 and flows along 
effluent flow channel defined by wall 73 through 
fittings 82 and out effluent outlet line 84. Similarly, 
ts regenerant solution flows from inlet line 86 through 
fittings 88 across the regenerant flow channel de- 
fined by wall 75, out fitting 90 and through re- 
generant outlet 92 to waste. The device of Figures 
6-8 is used in the overall system of Figure 1 in 
20 place of the device of Figures 3-5. 

The particular bridging means of this embodi- 
ment is significantly different from that of the 
screen. Walls 73 and 75 are each textured to 
provide spaced projections which define a con- 
25 voluted path for the flow of liquid through the 
respective flow channels. Referring to the regener- 
ant flow channel, an expanded view of such projec- 
tions is illustrated in Figure 7. 

One suitable texturing technique is as follows: 
30 The 2-dimensional geometric pattern that forms the 
3-dimensional convoluted path is computer-gener- 
ated artwork. This artwork is photographically re- 
duced to the desired dimensions of the texturing 
required for good chromatographic performance. 
35 The background (white area between the black 
markings of the geometric pattern) is chemically 
etched into a magnesium block using photosen- 
sitive resists of the type commonly used in the 
circuit-board industry. The etched block is incor- 
40 porated into a larger block so that a silicone rubber 
mold can be made which is the negative of the 
etched block. A textured epoxy block (a positive of 
the artwork] is made from the rubber mold. 

The textured epoxy surface may be func- 
45 tionalized with ion-exchange sites in the same way 
as the aforementioned membranes. 

Referring to Figure 6-8, the continuous portion 
of walls 73 and 75 are depressed below the exter- 
nal perimeter wall surfaces 73b and 75b, respec- 
50 tively. When the support blocks 72 and 74 are 
pressed towards each other, projections 75a (and 
the analogous projections 73a, not shown), continu- 
ously extend substantially the entire distance 
across the respective flow channels and, prefer- 
55 ably, contact membrane 76 on opposite sides of 
the membrane. In the illustrated embodiment, the 
projections are in the form of truncated cones. 
Other types of projections (e.g. cylinders or cubes] 
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may also be employed so long as they provide a 
convoluted path for the liquid and xtend adjacent 
to the membrane opposite the support wall and, 
preferably, contact the membrane. The projections 
preferably form an array of Pascal triangles with 5 
the triangular point facing the flow path. Walls 73 
and 75 may be formed of the same materials as 
the screens described above and may be func- 
tionalized in the same manner. The projections 
when functionalized serve the same function as, w 
the screens in that they provide a direct site-to-site 
path for the ions to be transported across mem- 
brane 76. Unfunctionalized, the projections provide 
turbulence. 

The liquid flows through the channels formed is 
by the spacing among the projections. The dimen- 
sions of the projections and spacing is selected to 
provide the desired frequency of contacts with the 
flowing ions to increase their mobility across the 
membrane and to create sufficient turbulence for 20 
increased mixing efficiency. 

Suitable eluent solutions for anion ion 
chromatography include alkali hydroxides, such as 
sodium hydroxide, alkali carbonates and bicarbon- 
ates, such as sodium carbonate, alkali borates, 25 
such as sodium borate, combinations of the above, 
and the eluent systems of the aforementioned pat- 
ents. 

Suitable eluent solutions for cation ion 
chromatography include mineral acids such as ni- 30 
trie acid, hydrochloric acid, amines such as m- 
phenylenediamine.2 HCI and combinations thereof 
and the eluent systems of the aforementioned pat- 
ents. 

Suitable regenerant solutions in the membrane 35 
suppression mode for anion ion chromatography 
include strong organic acids such as sulfosalicylic 
acid, mineral acids such as sulfuric acid, and com- 
binations thereof and all regenerant solutions pre- 
viously mentioned in patent literature. In the elec- 40 
trodialytic mode suitable regenerants include those 
of the membrane suppression mode or water. Wa- 
ter may be used when a suitable voltage is applied 
to overcome the initially high resistance and effect 
electrolysis. The electrolysis of water produces hy- 45 
drogen ion and hydroxide ion, the hydrogen ion 
being available for suppression of the eluent. 

Suitable regenerant solutions in the membrane 
suppression mode for cation analysis include alkali 
and alkaline earth and organic amine hydroxides 50 
and carbonates such as potassium hydroxide, bari- 
um hydroxide, tetramethylammonium hydroxide, 
potassium carbonate, combinations thereof, and re- 
generants mentioned in the aforementioned pat- 
ents. In the electrodialytic mode, the same re- 55 
generants and also water may be used. 

Referring to Figure 9, a sandwich suppressor 
device is illustrated which uses a combination of a 



textured wall bridging means in both regenerant 
channels and a screen bridging means in the ef- 
fluent channel. The suppressor means 100 includes 
an upper rigid support block 102 with a texturized 
regenerant flow channel wall 104 and a lower sup- 
port block 106 with a texturized regenerant flow 
channel wall 108, both of the same type described 
with respect to the embodiment of Figures 6-8. Ion 
exchange membranes 110 and 112, of the same 
type as membranes 42 and 44 of Figures 2 and 3. 
are disposed adjacent to regenerant channel wails 
104 and 108, respectively. Sandwiched between 
membranes 110 and 112 is an effluent gasket 114 
defining an effluent flow channel in which is dis- 
posed an effluent screen 116, of the type de- 
scribed with respect to the gasket 30 and screen 
32 of Figures 2 and 3. Also included are regenerant 
and eluent inlets and outlets (not shown) and 
clamping means (not shown) compress the support 
blocks toward each other. 

Referring to Figures 9 and 10 a continuous 
electrode plate 118 is formed on the flat or support 
surface of textured walls 104 and 108 from which 
the projections 120 extend. Such projections are 
preferably charged in the manner set forth above 
for optimum capacity, but may be neutral, if de- 
sired. Electrode connections 122 are connected to 
electrode plates 118, as by welding. The electrode 
plates may be formed by techniques known in the 
semiconductor industry. For example, the electro- 
lyte may be disposed in a thin layer in the valleys 
of the texturized block. Such layer is thin enough to 
avoid covering a major portion of the projections. 
Suitable electrolytes includes gold, nickel and plati- 
num, although the latter is preferred. 

Considerable experimental work on this system 
illustrates the following effects of charged param- 
eters upon capacity: 

(1) the use of two regenerant chambers rather 
than one results, in a substantial (e.g. 10 or more 
fold], increase in capacity. 

(2) a 45% orientation of weave results in a 
significant increase in capacity compared to a 90 
orientation. 

(3) functionalizing the effluent screen or re- 
generant screens (e.g. to 2meq/g) results in many- 
fold increase in capacity. 

(4) applying a voltage results in large increases 
in capacity. 

The invention encompasses variations in the 
above system. For example, other forms of con- 
tinuous bridging means may be employed. Also, 
the system may be operated with variations on the 
disclosed functionalized or unfunctionalized bridg- 
ing means and membrane, and with respect to the 
presence or absence of an electric potential. 

In order to illustrate the present invention, the 
following examples of its practice are provided. 
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Example ^ 

In this example, a cation-exchange screen is 
formed for use as the bridging means illustrated 
and the suppressor device of Figur s 2-5. Such 
bridging means is useful for the analysis of anions 
by ion chromatography. The base screen is of a 
polyethylene monofilament type supplied by Tetko, 
Inc. Such screen is immersed in a solution of 30% 
styrene w/w in methylene chloride solvent. Grafting 
occurs by irradiation with gamma rays at a dose of 
0.03 Gy/s (10,000 rads/hour) for about 48-120 
hours at 26.7-32.2° C (80-90 °F) under nitrogen at- 
mosphere. The screen is then soaked in 10% w/w 
chlorosulfonic acid in methylene chloride for 4 
hours at about 40 " C. The screen is then immersed 
in 1M KOH at 55" C for 30 minutes. 



Example 2 

In this example, an anion-exchange screen is 
produced. A polyethylene screen of the same type 
as Example 1 is immersed in 30% vinylbenzylch- 
loride w/w in methylene chloride solvent. Grafting 
occurs by irradiation with gamma rays of a dose of 
0.03 Gy/s (10,000 rads/hour) for about 100-200 
hours at 26.7-32.2* C (80-90' F) under nitrogen at- 
mosphere. The screen is heated under reflux in a 
solution of 20% trimethylamine w/w in methylene 
chloride for 24-56 hours. 



Example 3 

In this example, a system of the general type 
illustrated in Figure 1 is used with a suppressor 
device of the general type illustrated in Figure 2 
but without the application of an electrical potential. 
The device is characterized by dynamic suppres- 
sion capacity of 300 nEq/min. to suppress a 
chromatographic eluent of 0.1 M NaOH to a back- 
ground conductivity of 10 uS/cm. A mixture of 
condensed phosphates with valence of -3 to great- 
er than -6 are separated. 

The specific characteristics of the suppressor 

are as follows: 

(1) two regenerant flow channels as illustrated 

in Figure 2; 

(2) a screen capacity of 2 meq/g; 

(3) an eluent gasket of dimension 1 cm wide x 
13.4 cm. long (volume 37 ul), oriented 90° to flow: 

(4) regenerant gaskets: 1.0 cm. wide x 10.8 
cm. long (volume 27 nl.]; 

(5) eluent: 0.1 N NaOH , at a flow rate of 2 
' ml/Min.; 

(6) regenerant: 0.030 N H 2 SO< at a flow rate of 
10 mUper min; 



(7) membranes: cation exchange type supplied 
by RAI Research Corporation under the designation 
R1010. 

The detector was a conductivity detector 30 
5 uS/cm fsd, background conductivity 10 us/cm. 

The results of the test are illustrated on the 
chromatogram of Figure 11. This system which had 
been considered to be impractical due to the rela- 
tively concentrated eluents required and the limited 
10 dynamic suppression capacity of existing suppres- 
sors. 

Example 4 

75 

In this example, the procedure of Example 3 is 
followed except for the orientation of the weave 
using the gasketed screens for the effluent and 
regenerant flow channels. A suppression of 340 

20 uEq/min. of hydroxide per device is achieved. A 
polyethylene screen, (260 urn mesh square weave, 
44% open area) is grafted according to Example 1. 
(The term mesh means the size of the screen 
opening.) The final ion exchange capacity was 2 

25 meq/g. Rectangles are cut from the screen diag- 
onal to the weave, 2.5 cm x 18 cm. For each 
gasket two rectangles of Parafilm (American Can 
Company, Greenwich, Ct.) are cut with the appro- 
priate dimensions of the flow chamber also cut out. 

30 The screen is sandwiched between the parafilm 
gaskets, and the stack is pressed to approximately 
34.5 x 1 03 KPa (5000 psi)at ambient temperature. 



35 Example 5 

In this example, a textured block is used on the 
effluent chamber side of a two channel suppressor 
device. The block is formed of an aliphatic amine- 
40 cured epoxy resin and is neutral (i.e. non-func- 
tional). It includes spaced cones arranged in Pascal 
triangles at 45° to liquid flow. The textured surface 
has the following dimensions: 
Center-to-center cones 
45 43.18 micrometres (0.017 inch) 
diameter cone 

152.4 micrometres (0.006 inch) 
Total volume measured 
20 Hi 

50 width x length of 

textured surface 
1.0 cm x 13.0 cm. 

The device includes a fluorocarbon membrane 
55 RAI R1010 and a cation exchange functionalized 
regeneration screen 1 meg/g capacity, of the type 
described in Example 1 . The device dynamic ca- 
pacity is 5 ueq/min. It would b substantially great- 



17 



EP 0 180 321 B1 



18 



er if the cones were functionalized. 



Example 6 

This example illustrates the use of a sandwich 
suppressor device to test suppression capacity 
without separation in comparison to the far im- 
proved capacity with the preferred device of Exam- 
ple 7. The component of the device are as follows: 
Effluent screen 

(gasketed neutral, vertical square weave] 

1.0 cm wide x 13.4 cm long 

110 Jim mesh 
Membrane: Polyethylene cation exchange 

(type R5010] 
Regenerant screens 

(gasketed neutral, vertical square weave) 

1.0 cm wide x 10.8 cm long 

260 urn mesh Eluent solution: NaOH Regener- 
ant solution: 50 mM sulfosalicylic Acid flow rate (1 5 
ml/min) 

The system capacity is 0.1 uEq/min. With an 
applied voltage of 4.7 VDC and 1.8 amp, the ca- 
pacity is 0.8 txEq/min. 

Example 7 



This example illustrates a particularly effective 
sandwich suppressor in the electrodialytic mode 
using an NaOH eluent. The effluent screen was of 
the type set forth in Example 6 except that the 
weave was oriented 45* to flow, the mesh size was 
180 urn and the screen was functionalized at 2 
meq/g. The membrane was cation exchange 
(R.1010]. The regenerant screens were of the same 
type as the effluent screens but with a 410 urn 
mesh size. 

The regenerant solution was 15 mM H 2 S0 4 , at 
a flow rate of 10ml/min. The applied voltage was 
4.7 VDC, at 1.8 amps. 

The capacity was 340 uEq/g without applied 
voltage and 520 u.Eq/g with applied voltage. 



Example 8 

In this example, a suppressor was used with 
one effluent chamber separated from one regener- 
ant chamber by a single membrane and with 
charged screens in each chamber. The effluent 
screen was characterized by 2 meq/g capacity, 1 .0 
cm width x 13.4 cm length, square weave at 45* 
orientation, and 260 urn mesh. The eluent solution 
was NaOH. The membrane was of the same type 
as Example 7. The regenerant screen had a 2 
m q/g capacity, 1.0 cm width x 10.8 cm length, 



square weave at 45* orientation, and 410 urn 
mesh size. The regenerant solution was 15mM 
H2SO4 (1 5 ml/min flow rate). 

The capacity was 45 uEq.min. 

5 

Example 9 

In this example, the system of Example 7 was 
jo used except that deionized water was used as the 
regenerant solution and a potential of 5.5 VDC 
(1.6A] was applied. The capacity was 400 u.Eq/min. 



Claims 

1. Suppressor means (11) suitable for treating the 
effluent from apparatus for separating ionic 

20 species in a chromatographic separating me- 
dium, the suppressor means (11) including at 
least one regenerant compartment means 
(38,42,46) and at least one effluent compart- 
ment means (30,36), an ion exchange mem- 

25 brane sheet (34) partitioning the regenerant 
and effluent compartment means and defining 
therewith a regenerant flow channel with inlet 
(42a,44a) and outlet (42b,44b) portions and an 
effluent flow channel with inlet (36a) and outlet 

30 (36b) portions, respectively, and regenerant 
and effluent compartment means each includ- 
ing walls (30,38) opposed to and extending co- 
extensively with the membrane sheet (34), the 
membrane sheet (34) being preferentially per- 

35 meable to ions of the same charge as the 
exchangeable ions of the membrane sheet 
(34), characterized in that the apparatus com- 
prises bridging means (32,75a) disposed in the 
direction of liquid flow between the effluent 

40 flow channel inlet and outlet portions to provide 
a side-to-side path for ions in the direction 
transverse to the effluent flow channel, the 
bridging means (32,75a) including continuous 
portions extending substantially across the ef- 

45 fluent flow channel, the structure defining con- 
tinuous convoluted liquid flow passages in the 
effluent flow channel along the length of the 
bridging means (32,75a), the external surfaces 
of the bridging means (32,75a) including ion 

50 exchange sites consisting essentially of ex- 
changeable ions of the same charge as the 
exchangeable ions of the membrane sheet 
(34). 

55 2. A suppressor means as claimed in claim 1 in 
which the structur (32) comprises a screen. 

3. A suppressor means as claimed in claim 2 in 
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which the screen (32) comprises a woven fiber 
fabric. 

4. A suppressor m arts as claimed in any one of 

the preceding claims in which another bridging 5 
means (41) is disposed in the regenerant flow 
channel. 

5. A suppressor means as claimed in any one of 

the preceding claims in which the bridging 10 
means comprises spaced projections (75a) on 
the effluent compartment means wall portion 
extending towards the membrane (34). 

6. A suppressor means as claimed in claim 5 in »5 
which the fibers of the screen (32) are per- 
pendicular to each other and are oriented at 
approximately 45* to the direction of fluid flow 

in said effluent flow channel. 

■ 20 

7. A suppressor means as claimed in any one of 
the preceding claims in which the membrane 
sheet (34) is essentially flat. 

8. A suppressor means as claimed in any one of 25 
the preceding claims in which substantially all 

of the exchangeable ions of the structure are 
of the same charge as the membrane ex- 
changeable ions. 

30 

9. An apparatus for ion analysis comprising an 
eluent reservoir (14), chromatographic separat- 
ing means (10) in communication with the res- 
ervoir (14) for receiving eluent therefrom, the 
separating means (10) comprising a separating 35 
medium adapted to separate ionic species of a 
sample eluted therethrough using eluent com- 
prising an electrolyte in solution, a suppressor 
means (11) as claimed in any one of the 
preceding claims for treating effluent eluted to 
from said separating means comprising at 
least one regenerant compartment means 
(38,42,46) and at least one effluent compart- 
ment means (30,36) an ion exchange mem- 
brane sheet (34) partitioning the regenerant 45 
and effluent compartment means and defining 
therewith a regenerant flow channel with inlet 
(42a,44a) and outlet (42b,44b) portions and ah 
effluent flow channel with inlet (36a) and outlet 
(36b) portions, respectively, and regenerant so 
and effluent compartment means each includ- 
ing walls (30,38) opposed to and extending co- 
extensively with the membrane sheet (34), the 
membrane sheet (34) being preferentially per- 
meable to ions of the sam charge as the 55 
exchangeable ions of the membrane sheet 
(34), characterized in that the apparatus com- 
prises bridging means (32,75a) disposed in the 



direction of liquid flow between the effluent 
flow channel inlet and outlet portions to provide 
a side-to-side path for ions in the direction 
transverse to the effluent flow channel, the 
bridging means (32,75a) including continuous 
portions extending substantially across the ef- 
fluent flow channel, the structure defining con- 
tinuous convoluted liquid flow passages in the 
effluent flow channel along the length of the 
bridging means (32,75a), the external surfaces 
of the bridging means (32,75a) including ion 
exchange sites consisting essentially of ex- 
changeable ions of the same charge as the 
exchangeable ions of the membrane sheet 
(34),- and detector means (12] suitable for de- 
tecting resolved ionic species and communi- 
cating with the effluent flow channel to receive 
the treated effluent therefrom. 

10. Apparatus as claimed in claim 9 in which the 
membrane sheet is. in the ion form necessary 
to convert electrolyte present in the eluent to a 
weakly ionized form. 

11. Apparatus as claimed in claim 9 or claim 10 
further comprising a second membrane sheet 
(36) of the same type and charge as the one 
membrane sheet, the one and second mem- 
brane sheets defining therebetween the efflu- 
ent channel, a second regenerant compartment 
means, including a wall (48) opposed to and 
extending coextensively with the second mem- 
brane sheet (36) and defining therewith a sec- 
ond regenerant flow channel disposed on the 
opposite side of the second membrane sheet 
from the effluent flow channel. 

12. Apparatus as claimed in claim 11 further com- 
prising first and second spaced electrode 
means (42,44) in electrical communication with 
the one regenerant flow channel and second 
regenerant flow channel, respectively. 

13. A method of ion analysis comprising eluting a 
sample containing ions to be quantitated 
through a separating medium effective to sepa- 
rate ions in the presence of an eluent compris- 
ing an electrolyte in solution, thereafter flowing 
the effluent eluting from the separating me- 
dium through the effluent flow channel of a 
suppressor means including an effluent flow 
channel separated by at least one membrane 
sheet from at least one regenerant flow chan- 
nel, with bridging means disposed in the direc- 
tion of liquid flow in said effluent flow channel, 
the bridging means including continuous por- 
tions extending substantially the entire dis- 
tance across th channel transverse to liquid 
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flow, the exterior surfaces of the bridging 
means including ion exchange sites with ex- 
changeable ions of the sam charge as the 
exchangeable ions of the membrane sheet, the 
at least one membrane sheet being permeable 
• to ions of the same charge as the exchange- 
able ions of one membrane sheet and being 
resistant to permeation therethrough of ions of 
the opposite charge, and simultaneously flow- 
ing regenerant through the regenerant channel, 
the one membrane sheet forming a permselec- 
tive partition between the regenerant and ef- 
fluent and detecting resolved ionic species 
contained in the treated effluent and wherein 
effluent passes along bridging means which 
form ion exchange bridges between the one 
membrane sheet and areas of the effluent flow 
channel remote from the one membrane sheet 
thereby extracting ions from the effluent at the 
active ion-exchange sites of the one mem- 
brane sheet whereupon said ions are diffused 
through the one membrane sheet and are ex- 
changed with ions of the regenerant, and are 
thus ultimately diffused into the regenerant 
channel. 

14. A method as claimed in claim 13 in which an 
electric potential is passed between the ef- 
fluent channel and the one regenerant channel 
transverse to liquid flow to assist diffusion of 
ions through the membrane. 

15. A method as claimed in claim 13 in which the 
ion exchange site-containing elements are also 
disposed in the one regenerant channel. 

16. A method as claimed in any one of claims 13 
to 15 in which a second ion-exchange mem- 
brane sheet defines the effluent channel with 
the first membrane sheet and regenerant liquid 
also is directed through a second regenerant 
channel in contact with the second membrane 
sheet. 

17. A method as claimed in claim 16 in which an 
electrical potential is applied between the first 
and second regenerant channels across the 
effluent channel to assist diffusion of ions 
through the one and second membrane. 



Revendications 

1. Suppresseur (1 1 ) conv nant pour le traitement 
de I'effluent d'un appareil destine' a la separa- 
tion d'une espec ioniqu dans un milieu de 
separation chromatographique, le suppresseur 
(1 1 ) comprenant au moins un compartiment de 



regenerant (38, 42, 46) et au moins un com- 
partiment d'effluent (30, 36), une feuille (34) 
constitute d'une membrane echang us d'ions 
separantJe compartment de regenerant et le 

5 compartiment d'effluent et definissant respecti- 

. vement avec ces compartiments un canal 
d'ecoulement de regenerant muni d'orifices 
d'admission (42a, 44a) et de sortie (42b, 44b) 
et un canal d'ecoulement d'effluent muni d'ori- 

io fices d'admission (36a) et de sortie (36b), les 

compartiments de regenerant et d'effluent 
comprenant chacun des parois (30, 38) oppo- 
sees a, et de mime etendue que, la membra- 
ne (34), la membrane (34) etant preferentielle- 

js ment permeable a des ions de meme charge 

que les ions echangeables de la membrane 
(34), caracterise en ce que I'appareil comprend 
des moyens de pontage (32, 75a) disposes 
dans la direction de I'ecoulement du liquide 

20 entre les orifices d'admission et de sortie des 

canaux d'ecoulement d'effluent pour fournir 
aux ions un trajet d'un cote a I'autre dans la 
direction transversale au canal d'ecoulement 
d'effluent, les moyens de pontage (32, 75a) 

25 comprenant des parties continues s'etendant 

pratiquement en travers du canal d'ecoulement 
d'effluent, la structure definissant des passa- 
ges d'ecoulement de liquide continus presen- 
tant des circonvolutions dans le canal d'6cou- 

30 lement d'effluent le long des moyens de pon- 

tage (32, 75a), les surfaces exterieures des 
moyens de pontage (32, 75a) comprenant des 
sites d'echange d'ions consistant essentielle- 
ment en ions echangeables de m§me charge 

35 que les ions echangeables de la membrane 

(34). 

2. Suppresseur suivant la revendication 1, dans 
lequel la structure (32) consiste en une grille. 

40 

3. Suppresseur suivant la revendication 2, dans 
lequel la grille (32) consiste en une etoffe de 
fibres tissees. 

45 4. Suppresseur suivant I'une quelconque des re- 
vendications precedentes, dans lequel d'autres 
moyens de pontage (41) sont places dans le 
canal d'ecoulement de regeneVant. 

so 5. Suppresseur suivant I'une quelconque des re- 
vendications precedentes. dans lequel les 
moyens de pontage consistent en saillies es- 
pacees (75a) sur la partie de la paroi du com- 
partiment d'effluent s'etendant vers la mem- 

55 brane (34). 

6. Suppresseur suivant la revendication 5, dans 
lequel les fibres de la grille (32) sont perpendi- 
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culaires les unes aux autres et sont orientees a 
un angle d'approximativement 45* par rapport 
a la direction de I'ecoulement du fluide dans 
ledit canal d'ecoulement d'effluent. 

5 

7. Suppresses suivant Tune quelconque des re- 
vendications precedentes, dans lequel la mem- 
brane (34) est pratiquement plate. 

a Suppresses suivant I'une quelconque des re- io 
vendications precedentes, dans lequel prati- 
quement la totality des ions echangeables de 
la structure est de meme charge que les ions 
echangeables de la membrane. 

?5 

9. Appareil pour I'analyse d'ions, comprenant un 
reservoir d'eluant (14), un dispositif de separa- 
tion chromatographique (10) en communication 
avec le reservoir (14) destine a recevoir 
I'eluant provenant de ce reservoir, le dispositif 20 
de separation (10) comprenant un milieu de 
separation apte a la separation d'especes ioni- 
ques d'un echantillon soumis a une elution a 
travers ce dispositif au moyen d'un eiuant 
consistant en un electrolyte en solution, un 25 
suppresseur (11) suivant I'une quelconque des 
revendications precedentes pour le traitement 
de I'effluent eiu# dudit dispositif de separation, 
comprenant au moins un compartiment de re- 
generant (38, 42, 46) et au moins un comparti- 30 
ment d'effluent (30, 36), une membrane echan- 
geuse d'ions (34) separant les compartiments 
de regenerant et d'effluent et definissant avec 
ces compartiments un canal d'ecoulement de 
regenerant avec des orifices d'admission (42a, 35 
44a) et de sortie (42b, 44b) et un canal d'ecou- 
lement d'effluent avec des orifices d'admission 
(36a) et de sortie (36b), respectivement, et des 
compartiments de regenerant et d'effluent 
comprenant chacun des parois (30, 38) oppo- to 
sees a. et de meme etendue que. la membra- 
ne (34), la membrane (34) <§tant preferentielle- 
ment permeable a des ions de meme charge 
que les ions echangeables de la membrane 
(34), caracterise" en ce que I'appareil comprend 45 
des moyens de pontage (32, 75a) disposes 
dans la direction de I'ecoulement de liquide 
entre les orifices d'admission et de sortie du 
canal d'ecoulement d'effluent pour fournir un 
trajet d'un cote a I'autre aux ions dans la so 
direction transversale au canal d'ecoulement 
d'effluent, les moyens de pontage (32, 75a) 
comprenant des parties continues s'dtendant 
pratiquement en travers du canal d'ecoulement 
d'effluent, la structure definissant des passa- 55 
. ges d'ecoulement de liquide continus presen- 
tant des circonvolutions dans le canai d'ecou- 
lement d'effluent le long des moyens de pon- 



tage (32, 75a), les surface exterieures des 
moyens de pontage (32, 75a) comprenant des 
sites echangeurs d'ions consistant essentielle- 
ment en ions, echangeables- de meme charge 
que les ions Echangeables de la membrane 
(34), et un detecteur (12) convenant pour la 
detection des especes ioniques s6parees et 
communiquant avec le canal d'ecoulement 
d'effluent pour recevoir I'effluent traite qui en 
provient. 

10. Appareil suivant la revendication 9, dans lequel 
la membrane est sous la forme ionique neces- 
saire pour transformer I'electrolyte present 
dans I'eluant en une forme faiblement ionisee. 

11. Appareil suivant la revendication 9 ou la reven- 
dication 10, comprenant en outre une seconde 
membrane (36) du meme type et de meme 
charge que la premiere membrane, la premie- 
re et la seconde membrane definissant entre 
elles le canal d'effluent. un second comparti- 
ment de regenerant. comprenant une paroi 
(48) opposee a. et de meme etendue que, la 
seconde membrane (36) et definissant avec 
cette membrane un second canal d'ecoule- 
ment de regenerant dispose du cote oppose 
de la seconde membrane a partir du canal 
d'ecoulement d'effluent. 

12. Appareil suivant la revendication 11, compre- 
nant en outre des premiere et seconde electro- 
des espac<§es (42. 44), respectivement en 
communication electrique avec le premier ca- 
nal d'ecoulement de regenerant et le second 
canal d'ecoulement de regenerant. 

13. MSthode d'analyse d'ions, consistant a eluer 
un echantillon contenant des ions a quantifier 
h travers un milieu de separation efficace pour 
la separation des ions en presence d'un eiuant 
comprenant un electrolyte en solution, puis a 
faire s'ecouler I'effluent quittant par elution le 
milieu de separation a travers le canal d'ecou- 
lement d'effluent d'un suppresseur comprenant 
un canal d'ecoulement d'effluent separe par au 
moins une membrane d'au moins un canal 
d'ecoulement de regenerant, avec des moyens 
de pontage disposes dans la direction de 
I'ecoulement de liquide dans ledit canal 
d'ecoulement d'effluent, les moyens de ponta- 
ge comprenant des parties continues s'eten- 
dant pratiquement sur toute la distance en 
travers du canal, transv rsalement a I'ecoule- 
ment de liquide, les surfaces exterieures des 
moyens de pontage comprenant des sites 
echangeurs d'ions avec des ions echangeables 
de meme charge que les ions echangeables 
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de la membrane, la premiere membrane qui 
est au moins presente etant permeable a des 
ions de m§me charge que les Ions echangea- 
bles de la premiere membrane et etant resis- 
tante a un passage a travers cette membrane 
d'ions de charge opposee, et a provoquer si- 
multanement I'ecoulement de regenerant a tra- 
vers le canal de regeneVant, la premiere mem- 
brane effectuant un partage doue de selectivity 
de permeation entre le reg^neYant et i'effluent, 
et a detecter I'espece ionique separee presen- 
te dans I'effluent traits, et dans lequel I'effluent 
passe le long des moyens de pontage qui 
forment des ponts d'echange d'ions entre la 
premiere membrane et des zones du canal 
d'ecoulement d'effluent eloignees de la pre- 
miere membrane, ce qui permet d'extraire les 
ions de I'effluent au niveau des sites actifs 
d'echange d'ions de la premiere membrane, 
lesdits ions etant ainsi entraTnes par diffusion a 
travers la premiere membrane et etant echan- 
ges avec des ions du regenerant, ce qui pro- 
voque finalement leur diffusion dans le canal 
de regenerant. 

14. Precede suivant la revendication 13, dans le- 
quel un potentiel eMectrique est passe entre le 
canal d'effluent et le premier canal de regene- 
rant transversalement a I'ecoulement de liqui- 
de pour faciliter la diffusion des ions a travers 
la membrane. 

15. Procede suivant la revendication 13, dans le- 
quel les elements contenant des sites d'echan- 
ge d'ions sont £galement places dans le pre- 
mier canal de regenerant. 

16. Procede suivant I'une quelconque des revendi- 
cations 13 a 15, dans lequel une seconde 
membrane echangeuse d'ions definit le canal 
d'effluent avec la premiere membrane et le 
regenerant liquide est 6galement dirig^ a tra- 
vers un second canal de regenerant en contact 
avec la seconde membrane. 

17. Procede suivant la revendication 16, dans le- 
quel un potentiel electrique est applique entre 
les premier et second canaux de regenerant a 
travers le canal d'effluent pour faciliter la diffu- 
sion des ions a travers les premiere et secon- 
de membranes. 



Anspriiche 

1. Zur B handlung des Abflusses aus einer Vor- 
richtung zum Trennen von lonenarten in einem 
chromatographischen Separiermedium geeig- 



nete UnterdrUck reinrichtung (11) mit wenig- 
stens einer Regeneriermittel- 

Kammereinrichtung (38. 42, 46) und wenig- 
stens einer Abfluflkammereinrichtung (30. 36). 

5 wobei ein lonenaustausch-Membranblatt (34) 

die -Regeneriermittel- und Abflufikammerein- 
richtungen trennt und damit einen 
Regeneriermittel-Stromungskanal mit Einlafl- 
(42a, 44a) bzw Auslafl- (42b, 44b) abschnitten 

70 bzw. einen Abfluflstromungskanal mit einem 
Einlafl- (36a) bzw. einem Auslafl- (36b) ab- 
schnitt bildet, und die Regeneriermittel- und 
Abfluflkammereinrichtungen jeweils Wande 
(30, 38) haben, die dem Membranblatt (34) 

15 gegenuberliegen und sich gemeinsam mit dem 
Membranblatt (34) erstrecken, das vorzugswei- 
se fur lonen durchlassig ist, welche die gleiche 
Ladung wie die austauschbaren lonen des 
Membranblattes (34) haben, dadurch gekenn- 

20 zeichnet. dafl die Vorrichtung Oberbruckungs- 
einrichtungen (32, 75a) aufweist, die in der 
Richtung des Fliissigkeitsstroms zwischen den 
Abfluflstromungskanaleinlafl-und 
auslaflabschnitten zur Schaffung eines Seite an 

25 Seite liegenden Weges fur lonen in der Rich- 

tung quer zu dem Abfluflstromungskanal ange- 
ordnet sind, wobei die Oberbriickungseinrich- 
tungen (32, 75a) kontinuierliche Abschnitte auf- 
weisen, die sich im we sentlichen quer iiber 

30 den Abfluflstromungskanal erstrekken, der Auf- 
bau fortlaufende gewundene Flussigkeitsstro- 
mungsdurchlasse in dem AbfluflstrSmungska- 
nal Uber der Lange der Oberbruckungseinrich- 
tungen (32, 75a) bildet und die externen Ober- 

35 flachen der Uberbriikkungseinrichtungen (32, 
75a) lonenaustauschstellen aufweisen, die im 
wesentlichen aus austauschbaren lonen beste- 
hen, die die gleiche Ladung wie die austausch- 
baren lonen des Membranblattes (34) haben. 

40 

2. UnterdrUckereinrichtung nach Anspruch 1, bei 
welcher der Aufbau (32) ein Schirmgitter auf- 
weist. 

45 3. UnterdrOckungseinrichtung nach Anspruch 2, 
bei welcher das Schirmgitter (32) ein gewebtes 
Fasertextilmaterial aufweist. 

4. UnterdrOckungseinrichtung nach einem der 
50 vorhergehenden Ansprtiche, bei welcher eine 
weitere Oberbruckungseinrichtungen (41) in 
dem Regeneriermittelstromungskanal angeord- 
net sind. 

55 5. UnterdrOckungseinrichtung nach einem der 
vorhergehenden Anspruche, bei w Ich r die 
OberbrOckungseinrichtungen im Abstand be- 
findliche Vorsprtinge (75a) an dem Wandab- 
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schnitt der AbfluBkammereinrichtungen aufwei- 
sen, die sich zu der Membran (34) hin erstrek- 
ken. 

6. UnterdrUckungseinrichtung nach Anspruch 5, 
bei welcher die Fasern des Schirmgitters (32) 
senkrecht zueinander verlaufen und mit anna- 
hernd 45* zu der Richtung des Fluidstroms in 
dem AbfluBstromungskanal ausgerichtet sind. 

7. UnterdrUckereinrichtung nach einem der vor- 
hergehenden AnsprOche, bei welcher das 
Membranblatt (34) im wesentlichen glatt ist. 

8. UnterdrUckereinrichtung nach einem der vor- 
hergehenden AnsprOche, bei welcher im we- 
sentlichen alle austauschbaren lonen des Auf- 
baus die gleiche Ladung wie die austauschba- 
ren lonen der Membrane haben. 

9. Vorrichtung zur lonenanalyse mit einem Elu- 
tionsmittelspeicher (14), mit einer chromatogra- 
phischen Separiereinrichtung (10) in Verbin- 
dung mit dem Speicher (14) zur Aufnahme von 
Elutionsmittel daraus, wobei die Separierein- 
richtung (10) ein Separiermedium aufweist. das 
zum Separieren von lonenarten einer Probe 
geeignet ist, die durch es unter Verwendung 
eines Elutionsmittels eluiert worden ist, das 
einen Elektrolyten in Losung aufweist, mit ei- 
ner UnterdrUckereinrichtung (11) nach einem 
der vorhergehenden AnsprGche zur Behand- 
lung eines aus der Separiereinrichtung eluier- 
ten Abflusses, die wenigstens eine 
Regeneriermittel-Kammereinrichtung (38, 42, 
46) und wenigstens eine Abfluflkammereinrich- 
tung (30, 36) aufweist, wobei ein 
lonenaustausch-Membranblatt (34) die 
Regeneriermittel- und Abfluflkammereinrichtun- 
gen trennt und damit einen Regeneriermittel- 
stromungskanal mit EinlaB- (42a, 44a) und 
AuslaB- (42b, 44b) abschnitten bzw. einen Ab- 
fluBstromungskanal mit einem EinlaB- (36a) 
und AuslaB- (36b) abschnitt bildet, die 
Regeneriermittel- und AbfluBkammereinrichtun- 
gen jeweils Wande (30, 38) aufweisen, die 
dem Membranblatt (34) gegenOberliegen und 
sich gemeinsam mit dem Membranblatt (34) 
erstrekken, das vorzugsweise fUr lonen durch- 
lassig ist, die die gleiche Ladung wie die aus- 
tauschbaren lonen des Membranblattes (34) 
haben, dadurch gekennzelchnet, dafl die Vor- 
richtung Oberbriickungseinrichtungen (32, 75a) 
aufweist, die in der Richtung des FlUssigkeits- 
stroms zwischen den 
AbfluBstromungskanaleinlaB-und 
auslaBabschnitten zur Schaffung eines Seite an 
Seite liegenden Weges fur lonen in der Rich- 



tung quer zu dem AbfluBstromungskanal ange- 
ordnet sind, wobei die Oberbriickungseinrich- 
tungen (32, 75a) kontinuierliche Abschnitte auf- 
weisen, die sich im - wesentlichen quer Uber 

5 den Abflufistromungskanal erstrekken. der Auf- 

bau fortlaufende gewundene FlUssigkeitsstro- 
mungsdurchlasse in dem AbfluBstromungska- 
nal iiber der Lange der Oberbrtickungseinrich- 
tungen (32, 75a) bildet und die externen Ober- 

w flachen der Uberbruckungseinrichtungen (32, 

75a) lonenaustauschstellen aufweisen, die im 
wesentlichen aus austauschbaren lonen beste- 
hen, die die gleiche Ladung wie die austausch- 
baren lonen des Membranblattes (34) haben, 

75 und daB zum Feststellen aufgeloster lonenar- 

ten geeignete Detektoreinrichtungen (12) mit 
dem AbfluBstromungskanal in Verbindung ste- 
hen, urn daraus den behandelten AbfluB aufzu- 
nehmen. 

20 

10. Vorrichtung nach Anspruch 9, bei welcher das 
Membranblatt sich in der lonenform befindet, 
die erforderlich ist, urn einen Elektrolyten, der 
in dem Elutionsmittel vorhanden ist, in eine 

25 schwach ionisierte Form umzuwandeln. 

11. Vorrichtung nach Anspruch 9 Oder Anspruch 
10, welche weiterhin ein zweites Membranblatt 
(36) der gleichen Art und Ladung wie das eine 

30 Membranblatt, wobei das eine Membranblatt 

und das zweite Membranblatt dazwi schen den 
Abflufikanal begrenzen, und eine zweite Rege- 
neriermittelkammereinrichtung mit einer Wand 
(48) aufweist, die dem zweiten Membranblatt 

35 (36) gegenOberliegt und sich gemeinsam mit 

dem zweiten Membranblatt (36) erstreckt und 
damit einen zweiten Regeneriermittelstro- 
mungskanal bildet, der auf der gegenOberlie- 
genden Seite des zweiten Membranblattes von 

40 dem Abflufistromungskanal angeordnet ist. 

12. Vorrichtung nach Anspruch 11, welche weiter- 
hin eine erste und eine zweite beabstandete 
Elektrodeneinrichtung (42, 44) aufweist, die in 

45 elektrischer Verbindung mit dem einen Rege- 

neriermittelstromungskanal bzw. dem zweiten 
Regeneriermittelstromungskanal stent. 

13. Verfahren zur lonenanalyse, bei welchem eine 
so Probe eluiert wird, die lonen enthalt, welche 

iiber ein Separiermedium quantitativ zu erfas- 
sen sind, das so wirkt, daB es lonen in Anwe- 
senheit eines Elutionsmittels separiert, das ei- 
nen Elektrolyten in Losung aufweist, bei wel- 
55 chem danach der AbfluB, der aus dem Sepa- 

riermedium eluiert ist, durch den Abfluflstro- 
mungskanal einer UnterdrUckereinrichtung 
stromen gelassen wird, die einen Abfluflstro- 
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mungskanal aufweist, der von wenigst ns i- 
nem Membranblatt von wenigstens einem Re- 
generiermittelstromungskanal getrennt wird, 
wobei Oberbriickungseinrichtungen in der 
Richtung des FlUssigkeitsstroms in dem Ab- 
fluflstromungskanal angeordnet sind, die Uber- 
brtickungseinrichtungen kontinuierliche Ab- 
schnitte aufweisen. die sich im wesentlichen 
uber die ganze Entfernung Uber den Kanal 
quer zum FlUssigkeitsstrom erstrecken, die ex- 
ternen Oberflachen der Oberbruckungseinrich- 
tungen lonenaustauschstellen mit austauschba- 
ren lonen aufweisen, die die gleiche Ladung 
wie die austauschbaren lonen des Membran- 
blattes haben, das wenigstens eine Membran- 
blatt fur lonen durchlassig ist, die die gleiche 
Ladung wie die austauschbaren lonen des ei- 
nen Membranblattes haben und dem Durch- 
gang von lonen der entgegengesetzten Ladung 
widerstehen, und bei welchem gleichzeitig Re- 
generiermittel durch den Regeneriermittelkanal 
stromen gelassen wird, wobei das eine Mem- 
branblatt eine permselektive Trennwand zwi- 
schen dem Regeneriermittel und dem Abflufl 
bildet und geloste lonenarten feststellt, die in 
dem behandelten AbfluC enthalten sind, und 
bei welchem der Abflufl langs der Oberbruk- 
kungseinrichtungen verlauft, welche lonenaus- 
tauschbrucken zwischen dem einen Membran- 
blatt und den Bereichen des Abfluflstromungs- 
kanals bilden, der von dem einen Membran- 
blatt entfernt liegt, wodurch lonen aus dem 
Abflufl an den aktiven lonenaustauschstellen 
des einen Membranblattes extrahiert werden, 
worauf diese lonen durch das eine Membran- 
blatt diffundiert und mit lonen des Regenerier- 
mittels ausgetauscht werden und somit ab- 
schlieflend in den Regeneriermittelkanal diffun- 
diert werden. 

14. Verfahren nach Anspruch 13, bei welchem ein 
elektrisches Potential zwischen dem Abfluflka- 
nal und dem einen Regeneriermittelkanal quer 
zum FlUssigkeitsstrom gefuhrt wird, urn die 
Diffusion von lonen durch die Membran zu 
untersttitzen. 



Membranblatt gerichtet wird. 

17. Verfahr n nach Anspruch 16, bei welchem ein 
- .. elektrisches Potential zwischen d n ersten und 
5 zweiten Regeneriermittelkanal uber den Ab- 

stromkanal angelegt wird, urn die Diffusion von 
lonen durch die eine Membran und die zweite 
Membran zu unterstGtzen. 

10 
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15. Verfahren nach Anspruch 13, bei welchem die 
die lonenaustauschstelle enthaltenden Elemen- 

te ebenfalls in dem einen Regeneriermittelka- so 
nal angeordnet werden. 

16. Verfahren nach einem der Anspriiche 13 bis 
15, bei welchem ein zweites lonenaustausch- 
membranblatt den Ab fluflkanal mit dem rsten 55 
Membranblatt bildet und Reg n riermitt Ifliis- 
sigkeit ebenfalls durch einen zweiten Regene- 
riermittelkanal in Kontakt mit dem zweiten 
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